Abstract -Cost of installation and ownership of a 9.66-kilowatt (kW) residential photovoltaic system is described, and the performance of this system over the past 3 years is shown. The system is located in Colorado at 40° latitude and consists of arrays on two structures. Two arrays are installed on a detached garage, and these are each composed of 18 Kyocera 130-W modules strung in series facing south at an angle of 40° above horizontal.
I. INTRODUCTION
Solar energy in a large portion of the U.S. is expected to become cheaper than conventional power from the grid by 2017. Costs of solar panels and installation continue to decrease, while the cost of electricity continues to rise. The solar market will be driven by grid parity within regions. While federal incentives provide a good foundation for the expansion of solar, state-level incentives seem to truly make solar energy competitive. At the moment, the U.S. is the 4th largest solar market in the world, and that market grew from ~900 MW in 2010 to 2 GW in 2011.
II. PHOTOVOLTAIC SYSTEM PERFORMANCE A 9.66-kilowatt (kW) residential photovoltaic system is located in Colorado at 40° latitude and consists of four arrays on two structures. Two arrays are installed on the house and face south at an angle of 30° above horizontal, as shown in Figs. 1 and 2 . The east array has twelve 205-W Kyocera panels in series, and the west array is made up of twelve 210-W Kyocera panels. Each of these arrays feeds into Xantrex/Schneider Electric 3.3-kW inverters. Three rows of panels are installed on a detached garage, as shown in Fig. 3 . Each row is composed of 12 Kyocera 130-W modules facing south at an angle of 40° above horizontal. The rows are spaced apart so that, even in winter, panels are not shadowed by the row in front of them. The three rows are strung into two arrays of 18 panels each that feed into Xantrex/Schneider Electric 2.8-kW inverters. One array consists of the back row, shown in Fig. 4 , and the right half of the middle row. The other array includes the front row with the left half of the middle row. In the winter, the snow slides off the arrays on the back garage quite easily, because for each row, there is open space below the panels. However, on the house arrays, there is roof space below the arrays where snow tends to pile up after sliding down the arrays. This piled-up snow continues to shade significant areas of the panels on the bottom rows and severely inhibits the performance of the array. Manual removal of some of this snow quickly accelerates melting and restores array production.
Energy output of each array over the past 3 years (2009-2012) has been averaged and plotted in Fig. 6 . The plots show the average amount of energy in kilowatt-hours (kWh) per day over the course of a year. The modeled amount of energy is calculated from a program called PVWatts, which is available at www.nrel.gov/rredc/pvwatts. The 3-yearaveraged data follow the modeled output quite well, with the exception of the detached garage's front array. Integrated energy output over the course of a year is compared to that predicted by PVWatts. As plotted in the bottom graphs of Fig. 6 , the house east array has an annual average output of 3503 kWh compared to the predicted value of 3556 kWh. The west array has produced 3555 kWh out of the predicted 3644 kWh. The periodically shadowed front array on the detached garage has produced 2823 kWh of its predicted 3400 kWh amount, while the back array, which is hardly affected by shadowing, has produced 3428 kWh of the predicted 3400 kWh. In total, the system has annually been producing 13,309 kWh of the predicted 14,000 kWh, which is 95%.
The solar panels and system components were bought and installed between 2006 and 2009. At this time, the average prices paid for the solar panels and inverters were $4.13 and $0.74 per watt, respectively. With the recent rapid drop in prices for photovoltaic components due to economies of Other costs (in $/watt) include installation hardware, such as Unistrut for mounts (0.438); wiring, electrical enclosures, conduit, and other electronic materials (0.211); shipping costs (0.174); sales taxes (0.0978); and permits (0.0632). Normally, installation would be a significant cost, but since this system was self-installed, there are no labor costs.
In November of 2004, Colorado passed Amendment 37, which requires utilities to provide 10% of their electricity generation from renewable energy sources by 2020. In 2010, this goal was increased to 30%. The utility companies (Xcel Energy, in this case) have offered rebates to those customers that install solar to help meet this goal. Rebates have followed the cost of solar panels, so in this time period, the Xcel rebates received for these installed modules averaged $4.156 per watt. The federal government also offered tax incentives for renewable energy systems. The tax credit was 30% of the balance of the net cost, and these credits were $0.529 per watt.
The total cost of $5.854 per watt less the rebates and credits of $4.685 per watt leads to a net cost of $1.17 per watt. This value is near to the $1 per watt goal of the U.S. Department of Energy's SunShot Initiative, where the targeted cost of electricity is 6 ¢/kWh. Using the total estimated annual energy output of these arrays (including shading) of 13,309 kWh, and the current cost of electricity of 9.3 ¢/kWh, the annual revenue is $1,240 per year. System cost divided by annual revenue gives a payback time of 9.0 years for this system. If the system produces the annual amount of electricity for 20 years, the cost of electricity based on the $1.17 per watt system cost is 4.21 ¢/kWh, but the inverters may not last the 20 years expected of the panels. If inverters must be replaced after 10 years, and the cost is roughly $0.57 per watt, then the extra cost leads to a 6.26 ¢/kWh cost of electricity over the 20-year period.
III. CONCLUSION
Colorado's state incentive has made the cost of photovoltaic solar energy competitive with that of electricity currently purchased from the grid. Including U.S. federal tax credits, the cost of a photovoltaic solar array was $1.17 per watt, which leads to a 9-year system payback and a cost of electricity ranging from 4.2 to 6.3 ¢/kWh over a 20-year period.
